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When Is a
Reservoir Not a
Reservoir? 
To the Editor: Some 80% of para-
sitic infections of humans are
zoonoses (1). These infections are
caused by multihost parasites for
which the reservoir of infection
depends on hosts other than Homo
sapiens. But what is a reservoir of
infection? 
Haydon et al. (2) proposed a new
series of definitions in connection
with multihost pathogens, in which a
target host is the host of interest in a
particular context. The reservoir of
infection included, for these authors,
all hosts, whether incidental or not,
that are epidemiologically connected
to (i.e., contribute to transmission to)
the target host.
The availability of three terms—
reservoir, reservoir of infection, and
reservoir host—frequently used inter-
changeably, leads to confusion. This
confusion is, in part, what prompted
me (3) to slightly redefine a reservoir
(of infection) as an ecologic system in
which an infectious agent survives
indefinitely. Such a system includes
all the component host populations,
including that of any intermediate
host or vector, in the context of any
environmental component, and any
quantitative requisite such as critical
community size, which is required to
maintain the agent indefinitely. 
Vertebrate hosts that form an
essential part of the system are reser-
voir hosts, though whether a whale or
a fish is the reservoir host of Anisakis
species can be a matter of debate. A
host that becomes infected, but is not
required for the maintenance of the
population of a pathogen, can useful-
ly be called an incidental host.
(Accidental host is frequently used,
but this is arguably a teleological term
and therefore undesirable.) For inci-
dental hosts that transmit pathogens
from a reservoir to another incidental
host, analogous to a pipe leading from
a water reservoir, Garnham (4) coined
the useful term “liaison host.”
Haydon et al. dismiss my defini-
tion on two grounds. First, I exclude
liaison hosts from the reservoir. This
distinction is valid and could be
argued either way, but I suggest that
the pipes leading from a reservoir do
not form part of the reservoir and that
it is both conceptually and practically
important to distinguish liaison hosts
from reservoir hosts. The second
objection is that many pathogens
depend on the presence of several host
species, at any given stage in the life
history, for their maintenance. This
concept is clearly considered in my
article: together, such hosts collec-
tively constitute part of the reservoir
system, though no single one may be
the reservoir host in its own right.
In good scientific English, each
term should have a precise definition,
and synonyms should be avoided. The
Oxford English Dictionary (OED) (5)
definitions of reservoir generally refer
to a place or container used for the
collection and storage of water, other
fluids, or even solid material.
The OED definition of reservoir as
a medical term is. “A population which
is chronically infested with the
causative agent of a disease and can
infect other populations.” While one
might argue with the terms chronically,
infested, and the infection of popula-
tions, this definition captures the usual
sense in which reservoir host is used.
The quotations given in OED are
more helpful. The earliest one given
for reservoir in a medical context is
from 1937, “For the continuous exis-
tence of a disease there must be some
reservoir of infection… The most
important reservoirs of infection are
human or animal cases or carriers.
Plants may be the reservoir of infec-
tion in some of the mycoses.”
However, according to OED, the com-
pound term “reservoir host” was used
earlier, in 1913, “The monkey is most
probably the normal reservoir host [for
Physaloptera mordens].”
The main conceptual difference
between the proposal of Haydon et al.
and my own is that mine is more gen-
eralized: for a given pathogen in a
given place, there is a single reservoir.
The proposal of Haydon et al. is more
limited to practical considerations: the
reservoir for one target host may not
be the same as that for another target
host in the same place.
The most important contribution
of these two publications is that they
raise an issue that has confused the lit-
erature for many years. Parasito-
logists, virologists, and bacteriolo-
gists should agree on a consensus set
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of terms for the ecologic description
of multihost systems. When we all
agree on what we are talking about,
we will understand each other better.
R.W. Ashford*
*Liverpool School of Tropical Medicine,
Liverpool, United Kingdom
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Invasive
Mycobacterium
marinum Infections
To the Editor: Mycobacterium
marinum infections, commonly known
as fish tank granuloma, produce nodu-
lar or ulcerating skin lesions on the
extremities of healthy hosts. Delay of
diagnosis is common, and invasion
into deeper structures such as synovia,
bursae, and bone occurs in approxi-
mately one third of reported case-
patients (1).
A 49-year-old man with diabetes,
who had received a kidney transplant
from a living relative 8 years previ-
ously, sought treatment after 5 months
of worsening swelling and tenderness
of the left elbow. Of note, he had
injured his left ring finger while
cleaning barnacles from a piling 5
years previously and had contracted a
secondary infection that never com-
pletely healed despite three courses of
antimicrobial drugs and surgical
debridement. Physical examination
showed marked swelling, tenderness,
and warmth of the left elbow, as well
as of the left ring finger, which was
erythematous. Sterile aspiration of the
olecranon bursa showed 7,500 leuko-
cytes (62% lymphocytes) and 141,000
erythrocytes. Results of Gram stain
and routine cultures were negative.
Magnetic resonance imaging of the
left arm showed soft tissue edema of
the olecranon bursa and the left fourth
flexor digitorum longus tendon, and
no osteomyelitis. Three weeks later,
olecranon bursa aspirate fluid cultures
incubated on chocolate agar and 7H11
plates at 31°C, as well as on algae
slant, and mycobacterial growth indi-
cator tubes incubated at 37°C grew
M.ycobacterium marinum. The isolate
was susceptible to most agents but
showed intermediate susceptiblity to
ciprofloxacin (MIC 2 µg/mL) and was
resistant to ampicillin/clavulanate and
erythromycin (MIC 8 µg/mL and 32
µg/mL, respectively). A treatment
regimen of  rifampin and ethambutol
was begun, and the patient  showed a
dramatic improvement in the ensuing
several weeks. The patient has com-
pleted 9 of 11.4 planned months of
therapy and continues to do well, with
frequent office visits. 
Case reports from English lan-
guage MEDLINE articles since 1966
under the subject heading Mycobac-
terium marinum were cross-refer-
enced with articles containing the fol-
lowing text words: disseminated,
osteomyelitis, arthritis, synovitis, and
bursitis. Ten case reports were identi-
fied, and a hand search through perti-
nent articles’ references yielded 13
additional reports. A total of 35 cases
of invasive M. marinum disease were
then reviewed, according to patient
age and sex, symptoms, source of
infection, immune impairment, time
to diagnosis, and type as well as dura-
tion of therapy (2–24) (see online
Table at http://www.cdc.gov/ nci-
dod/EID/vol9no11/03-0192.htm#
table).
Most cases occurred in previously
healthy adults. The average age was
43 years; 24 (69%) were men; 21
(60%) had tenosynovitis; 6 (17%) had
septic arthritis; and 13 (37%) had
osteomyelitis. In three patients (9%),
either a bone marrow or blood culture
positive for M. marinum was
obtained; all three patients showed
marked systemic immunocompro-
mise. Multiple skin lesions were seen
in 23% of cases; half of these patients
showed clear evidence of deeper
infection. Some patients had more
than one manifestation of invasive
disease. Immunologic impairment
was a frequent component of invasive
M. marinum infections: 14 (40%) of
case-patients received a steroid injec-
tion at the site of infection, and 9
(26%) were receiving systemic
steroids for various indications. An
additional 4 (11%) case-patients were
in an immunocompromised state from
other sources such as chemotherapy
or AIDS. Delayed diagnosis was also
a prominent finding: The average time
to diagnosis was 17 months from
symptom onset. The treatment course
was prolonged and aggressive: The
average treatment duration was 11.4
months in the 20 reports in which a
definitive duration was given. Surgery
was undertaken in 69% of the cases.
The treatment regimen used varied
considerably, although 30 (88%) of
the 34 patients who took antimy-
cobacterial medications received
combination therapy. Rifampin (76%)
and ethambutol (68%) were the pre-
dominant agents. 
While M. marinum infections usu-
ally arise from aquatic trauma in
healthy hosts, delayed diagnosis and
immune suppression contribute to the
pathogenesis of invasive infection.
Tenosynovitis is the most common
